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AGQNIST MURINE MONOCLONAL ANTIBODY AS A STIMULANT FOR 

MEGAKARYOCYTOPOIESIS 



FIELD OF THE INVENTION 
This invention relates to the treatment of 
thrombocytopenia, and more particularly to the use of an 
agonist antibody capable of stimulating megakaryocytopoiesis 
for such treatment . 

BACKGROUND OF THE INVENTION 

The development of specialized blood cells, including 
platelets, via the hematopoietic system requires the 
interplay of pluripotent cells found in bone marrow and 
polypeptide cytokines (5). When a patient's levels of 
circulating platlets are depleted to less than 150 x 10^ 
platlets per liter, a condition known as thrombocytopenia can 
follow. In general, patients with platelet counts between 
20 and 100 x 10^ per liter are at risk of excessive post 
traumatic bleeding, while those with platelet counts below 
20 X 10^ may bleed spontaneously. These latter patients are 
candidates for platelet transfusion with associated immune 
and viral risk. 

The major regulator of circulating levels of platelets 
in the blood is believed to be the recently cloned cytokine 
thrombopoietin (TPO) , the cognate ligand for the receptor 
encoded by the c-mpl proto- oncogene (c-Mpl) (1-16) . TPO has 
been determined to have both direct proliferative and 
dif f erentiative activities on human megakaryocyte 
progenitors. Furthermore, TPO hastens the restoration of 
platelet counts following cytoreductive therapies and has 
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been associated with improved survival in certain murine 
models. Treatment of patients suffering from 

thrombocytopenia with TPO should have therapeutic importance 
in augmenting megakaryocytopoiesis and circulating blood 
platelet numbers. The availability of additional agents, 
capable of stimulating platelet production would be 
desirable . 

SUMMARY OF THE INVENTION 

Using a novel procedure for eliciting murine monoclonal 
antibodies to various cells of hemopoietic lineage, we have 
generated agonist murine monoclonal antibodies against 
surface antigens of human megakaryocytic cells. This new 
class of monoclonal antibodies, represented specifically by 
the monoclonal antibodies BAH-1 and M4 which are more 
particularly described below, is capable of stimulating 
proliferation of primary bone marrow megakaryocytes. 

The specific monoclonal antibody BAH-1, furthermore, 
shows agonist activity in various assays of in vitro human 
and murine megakaryocytopoiesis; in the generation of 
megakaryocyte progenitors, CFU-MK; and in the production of 
mature GpIIb/lIIa expressing megakaryocytes in liquid 
cultures of heterogeneous bone marrow cells. From these and 
other results reported below, we can conclude that the newly 
isolated murine monoclonal antibody BAH-1 specifically 
recognizes and activates the human c-Mpl receptor, thereby 
transducing signals to regulate megakaryocyte growth and 
maturation. 

Thus, in one aspect, the invention is directed to an 
agonist monoclonal antibody that specifically recognizes 
human megakaryocytes and is capable of stimulating 
megakaryocytopoiesis in vitro. Preferably, the agonist 
monoclonal antibody of the invention is a monoclonal antibody 
raised against live human megakaryocytic cells that 
specifically recognizes and demonstrates agonist activity 
against the c-Mpl receptor on megakaryocytic cells. Most 
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preferably, the agonist monoclonal antibody of the invention 
is the monoclonal antibody BAH-1 produced by the hybridoma 
cell line ATCC No. HB 12027; or a monoclonal antibody that 
binds to the same antigenic determinant as a monoclonal 
antibody produced by the hybridoma cell line ATCC No. HB 
12 02 7; or an Fab, F(ab')2, or Fv fragment or conjugate of a 
monoclonal antibody produced by the hybridoma cell line ATCC 
No. HB 12027. 

In another aspect, the monoclonal antibody of the 
invention is preferably the monoclonal antibody M4 produced 
by the hybridoma cell line ATCC No. HB 12353; or a monoclonal 
antibody that binds to the same antigenic determinant as a 
monoclonal antibody produced by the hybridoma cell line ATCC 
No. HB 12353; or an Fab, F(ab')2/ or Fv fragment or conjugate 
of a monoclonal antibody produced by the hybridoma cell line 
ATCC No. HB 123 53 . 

In a further aspect, the invention features a method of 
generating an agonist monoclonal antibody that specifically 
recognizes any chosen cell of hemopoietic lineage. The 
method includes an immunization step using primary cells of 
a chosen cell type. Preferably, the method also includes one 
or more immunization steps using live cells of an 
immortalized cell line of a chosen cell type and a final 
immunization step using primary cells of the chosen cell 
type. Preferably, the chosen cell type is megakaryocytic 
cells, for which the immortalized cells are of a human 
megakaryocytic cell line, e.g. CMK, Mo7e, CMS or DAMI , with 
the primary cells being human megakaryocytic cells. 
Alternatively, the chosen cell type is stem cells, B cells 
or T cells for which the immortalized cell lines can 
be, e.g., the stem cell line CTS, the B cell lines ARH-77 or 
SB or Nal-6, or the T cell lines Jurkat or H9 . Such agonist 
antibodies can be used to stimulate growth factor receptors 
and enhance colony formation of either monocytes, 
macrophages, B cells, T cells, megakaroyocytes and platelets 
in various leukemia and various hematopoietic deficiencies. 
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In therapeutic applications, the BAH-1 monoclonal 
antibody or M4 monoclonal antibody identified to date and 
similar antibodies (or active portions and chimeric 
combinations thereof) can stimulate proliferation of primary 
5 bone marrow megakaryocytes. Thus, the antibodies of the 

invention preferably can be used to prepare a composition for 
treating, e.g., thrombocytopenia. Such a composition 
comprises a therapeutically effective amount of the agonist 
monoclonal antibody of the invention in association with a 

10 .pharmaceutically acceptable carrier vehicle . Preferably, the 

agonist monoclonal antibody included in the therapeutic 
composition is the monoclonal antibody BAH-1. 

Recombinant human thrombopoietin is currently being 
tested in clinical trials for its therapeutic effectiveness 

15 in augmenting megakaryocytopoiesis and circulating blood 

platelet numbers in patients suffering from thrombocytopenia. 
The agonist murine monoclonal antibodies of the invention 
that are capable of stimulating proliferation of primary bone 
marrow megakaryocytes will serve as an attractive addition 

2 0 to the therapeutic arsenal for situations where a prolonged 

half -life of the administered agent, and thus less frequent 
administration, is desired. Because of the prolonged 
half -life of antibodies, it would be feasible to administer 
an agonist monoclonal antibody, e.g., an antibody to the c- 

25 Mpl receptor, to a patient on an intermittent basis, thereby 

sustaining stimulation of megakaryocytopoiesis in patients 
with compromised production of cells in this lineage. This 
approach can be readily modeled in preclinical animal studies 
of compromised bone marrow function in the setting of 

30 chemotherapy, radiation therapy, and antiplatelet antibodies . 

Other features and advantages of the invention will be 
apparent from the following description of the preferred 
embodiments thereof and from the claims. 



35 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs . lA and IB show immunoprecipitation of Mpl receptor 
protein; 

Fig. 2A and 2B show mapping of the site of binding of 
the BAH-1 monoclonal antibody of the invention to the C-Mpl 
receptor; 

Fig. 3 shows the effect of TPO, XL- 3 and BAH-1 
monoclonal antibody on megakaryocytopoiesis in a dynamic 
heterogeneous liquid culture system; 

Fig. 4 shows the effect of BAH-1 monoclonal antibody on 
the proliferation of primary human megakaryocytes; 

Fig. 5 shows a day 5 culture obtained from CD34"'CD41"' 
cells with TPO or BAH-1 monoclonal antibody and observed 
under an inverted microscope; 

Fig. 6 shows the effect of BAH-1 monoclonal antibody on 
murine immature megakaryocytes using the single megakaryocyte 
growth assay; and 

Fig. 7 shows the effect of BAH-1 monoclonal antibody on 
murine CFU-MK colonies. 

DETAILED DESCRIPTION OF THE INVENTION 
The monoclonal antibodies of the invention can be 
prepared by hybridoma fusion techniques or by techniques that 
utilize Epstein Barr Virus (EBV) -immortalization technologies 
(to produce human mAbs) , such as are well known by those of 
skill in the art, modified as described herein. In the 
method of the invention, these techniques involve the 
injection of a live cell immunogen, in other words, live 
cells of an immortalized cell line of the chosen cell type 
of hemopoietic lineage, into an animal (e.g., a mouse) so as 
to elicit a desired immune response in that animal (i.e., 
production of antibodies). The experimental animal, (e.g., 
a mouse) is given repeated injections (boosts) of the same 
immortalized cell line. In a final step, the animal is given 
an injection of primary cells of the chosen cell type. The 
final injection could also include cells of the previously 
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used immortal cell line. If primary cells of the chosen cell 
type are available in quantity, all immunization injections 
could be of such cells. 

In the illustrative example herein for the production 
of agonist monoclonal antibodies to megakaryocytic cells, a 
CMK cell preparation and a CMS cell preparation were used as 
the first immunogens; however, other immortalized 
megakaryocytic cells, such as MoVe or DAMI cells, could have 
been used. Other monoclonal antibodies analogous to the 
agonist antibody of the invention BAH-1, which specifically 
recognizes the C-Mpl receptor, can be generated using 
membrane bound c-Mpl receptor protein as the immunogen. To 
generate agonist monoclonal antibodies against other cell 
types, other cells of hemopoietic lineage are chosen, e.g., 
stem cells, B cells or T cells. In the first immunization 
step stem cells can be represented, e.g., by the immortalized 
cell line CTS; B cells by the immortalized cell lines ARH-77, 
SB or Nal-6; and T cells by the immortalized cell lines 
Jurkat or H9 . 

After a sufficient time, the animal is sacrificed and 
somatic antibody-producing cells may be derived from the 
lymph nodes, spleens and peripheral blood of primed animals - 
Spleen cells are preferred. Mouse lymphocytes give a higher 
percentage of stable fusions with the mouse myelomas 
described below. The use of rat, rabbit, frog, sheep and 
other mammalian somatic cells is also possible. The spleen 
cell chromosomes encoding desired immunoglobulins are 
immortalized by fusing the spleen cells with myeloma cells, 
generally in the presence of a fusing agent such as 
polyethylene glycol (PEG) . Any of a number of myeloma cell 
lines may be used as a fusion partner according to standard 
techniques; for example, the P3-NSl/l-Ag4-l, P3 -x63 -Ag8 . 653 
or Sp2/0-Agl4 myeloma lines. These myeloma lines are 
available from the American Type Culture Collection (ATCC) , 
Rockville, MD . 
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The resulting cells, which include the desired 
hybridomas, are then grown in a selective medium, such as HAT 
medium, in which unfused parental myeloma or lymphocyte cells 
eventually die. Only the hybridoma cells survive and can be 
grown under limiting dilution conditions to obtain isolated 
clones. The supernatants of the hybridomas are screened for 
the presence of antibody of the desired specificity, e.g., 
by immunoassay techniques such as those described herein, 
using the antigen that has been used for immunization. 
Positive clones can then be subcloned under limiting dilution 
conditions and the monoclonal antibody produced can be 
isolated. Various conventional methods exist for isolation 
and purification of the monoclonal antibodies so as to free 
them from other proteins and other contaminants. Commonly 
used methods for purifying monoclonal antibodies include 
ammonium sulfate precipitation, ion exchange chromatography, 
and affinity chromatography. Hybridomas produced according 
to these methods can be propagated in vitro or in vivo (in 
ascites fluid) using techniques known in the art (see, 
generally, Harlow et al . , Antibodies. A Laboratory Manual, 
Cold Spring Harbor Laboratory, pp. 1-726, 1988) . 

Generally, the individual cell line may be propagated 
in vitro r for example in laboratory culture vessels, and the 
culture medium containing high concentrations of a single 
specific monoclonal antibody can be harvested by decantation, 
filtration or centrif ugation . Alternatively, the yield of 
monoclonal antibody can be enhanced by injecting a sample of 
the hybridoma into a histocompatible animal of the type used 
to provide the somatic and myeloma cells for the original 
fusion. Tumors secreting the specific monoclonal antibody 
produced by the fused cell hybrid develop in the injected 
animal. The body fluids of the animal, such as ascites fluid 
or serum, provide monoclonal antibodies in high 
concentrations. As discussed by Cole et al . , supra, when 
human hybridomas or EBV- hybridomas are used, it is necessary 
to avoid rejection of the xenograft injected into animals 
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such as mice. Immunodef icient or nude mice may be used or 
the hybridoma may be passaged first into irradiated nude mice 
as a solid subcutaneous tumor, cultured in vitro and then 
injected intraperitoneally into pristine primed, irradiated 
nude mice which develop ascites tumors secreting large 
amounts of specific human monoclonal antibodies (see Cole et 
al . , supra) . 

For certain therapeutic applications chimeric (mouse- 
human) or human monoclonal antibodies may be preferable to 
murine antibodies, because patients treated with mouse 
antibodies generate human antimouse antibodies, (Shawler et 
al., J*. Inmiunol. 135 : 1530-35 (1985)). Chimeric mouse-human 
monoclonal antibodies showing agonist activity, e.g., to the 
c-Mpl receptor can be produced, for example, by the 
techniques of Oi et al . , Biotechnologies 4(3) ;214-221 (1986) 
or Liu et al . , Proc. Nat'l. Acad. Sci . (USA) 84 = 3439-43 
(1987) . Accordingly, genes coding for the constant regions 
of molecules of a murine antibody of the invention are 
substituted with human genes coding for the constant regions 
of an antibody with appropriate biological activity (such as 
the ability to activate human complement and mediate antibody 
dependent cellular cytotoxicity (ADCC) ) . 

It should be understood that the present invention, 
furthermore, encompasses the deposited BAH-1 and M4 
monoclonal antibodies described above and any fragments 
thereof containing the active binding region of the antibody, 
such as Fab, F(abM2 Fv fragments. Such fragments can be 

produced from the antibody using techniques well established 
in the art (see, e.g., Rousseaux et al . , in Methods Enzymol . 
121 ; 663-69 Academic Press, (1986)). 

In addition, the present invention encompasses 
antibodies that are capable of binding to the same antigenic 
determinants as the deposited antibodies already identified 
and competing with the deposited antibodies for binding at 
those sites. These include antibodies having the same 
antigenic specificity as the BAH-1 or M4 antibodies of the 



wo 99/03495 



PCT/US98/13945 



-9- 

invention, but differing in species origin or isotype. For 
example, class, isotype and other variants of the antibody 
of the invention may be constructed using recombinant class- 
switching and fusion techniques known in the art (see, e.g., 
Thammana et al . , Eur. J. Immunol. 13.:614 (1983); Spira et 
al . , J"- Immunol. Meth. 74.: 3 07-15 (1984); Neuberger et al . , 
Nature 312 : 604-08 (1984); and Oi et al . , supra)). Thus, 
chimeric antibodies or other recombinant antibodies (e.g., 
antibody fused to a second protein such as a lymphokine) 
having the same agonist specificity as the BAH-1 antibody or 
the M4 antibody fall within the scope of this invention. 

Chimeric or other recombinant antibodies or fragments 
thereof of the invention, as described above, may be used 
therapeutically. For example, a fusion protein comprising 
at least the antigen-binding region of a BAH~1 or M4 antibody 
may be joined to a portion of a second carrier protein. In 
addition, a chimeric BAH-1 or M4 antibody may be formed 
wherein the antigen-binding region may be joined to portions 
or fragments of a human Ig molecule. Furthermore, 
recombinant techniques known in the art can be used to 
construct bispecific antibodies wherein one of the binding 
specificities of the antibody is that of BAH-1 or M4 (see, 
e.g., U.S. Pat. No. 4,474,893). 

It is apparent therefore that the present invention 
encompasses pharmaceutical compositions, combinations and 
methods for stimulating proliferation of primary bone marrow 
megakaryocytes. For example, the invention includes 

pharmaceutical compositions for use in the treatment of 
thrombocytopenia comprising a pharmaceutically effective 
amount of, e.g, a BAH~1 or M4 antibody in a pharmaceutically 
acceptable carrier. The compositions may contain the chosen 
antibody, either unmodified, conjugated to a second protein 
or protein portion, or in a recombinant form (e.g., chimeric 
or bispecific BAH-1) . The compositions may additionally 
include other antibodies or conjugates, or other therapeutic 
agents . 
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The following examples are presented to illustrate the 
advantages of the present invention and to assist one of 
ordinary skill in making and using the same. These examples 
are not intended in any way otherwise to limit the scope of 
the disclosure. 

EXAMPLE I 

Isolation and characterization of the monoclonal 
antibodies BAH-1 and M4 

After screening approximately 6000 hybridomas, we have 

derived a protocol for producing monoclonal antibodies of the 

invention. BALB/c mice (from Jackson Laboratories, Bar 

Harbor, ME) were given repeated injections of 1 x 10'' CMK or 

CMS cells emulsified in complete Freunds adjuvant according 

to a previously reported protocol (17-21) in two separate 

immunization experiments. A final booster of 2 x 10^ human 

primary bone marrow megakaryocytes plus 1 x 10^ cells of the 

previously used immortal cell line was injected 3-4 days 

before the animals were sacrificed. 

Approximately 1 x 10^ spleen cells from the immunized 
mice were fused with 2 x 10"^ myeloma cells from a mouse 
myeloma cell line (X653) by the addition of 1 ml of 40% 
polyethylene glycol (150 0, Baker) . The fused cells were then 
diluted with 15 ml of Dulbecco's modified Eagle's medium 
(DMEM) , centrifuged, and rediluted into complete (10% fetal 
calf serum) selective medium containing 
hypoxanthine/aminopterin/thymidine at 2 x 10^ cells/ml. The 
cells were then distributed into 96 wells (100 fil) in 
hypoxanthine/aminopter in/ thymidine medium (18) , 

After 10-16 days, when sufficient cell growth had 
occurred to begin acidification of the medium, duplicate 
aliquot s of the supernatants were assayed for cell ELISA 
binding. Hybridoma cells from positive testing wells were 
then transferred to 24 wells containing 0 . 5 ml of 
hypoxanthine and thymidine medium. After the cells were 
grown and retested, they were cloned and recloned by limiting 
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dilution into 96 -well plates. For antibody assays, the 
supernatants from the hybridoma cells were tested directly. 

A screening procedure using a whole cell ELISA technique 
(22-23) was employed to detect antibodies which specifically 
recognized the human megakaryocytic cell lines CMK, DAMI , 
Mo7e and CMS but did not recognize T cells, B cells and 
monocyte -macrophages . Following identification of three 
candidate ant i -megakaryocyte antibodies out of 40 0 hybridomas 
tested, we conducted cross -blocking screening studies to 
eliminate antibodies recognizing known megakaryocytic surface 
structures by using a panel of antibodies against the 
integrins Gplb and GpIIb/lIIa (22-23) . Murine monoclonal 
antibodies BAH-1 and M4 , which appeared to be specific for 
megakaryocytes and did not recognize such known integrin 
surface structures, were further characterized. 

Monoclonal antibodies which appeared specific for human 
megakaryocytes were isotyped using a panel of specific anti- 
murine immunoglobulin antisera (Inno-liamouse McAb isotyping 
kit, Innogenetics) . Both the murine monoclonal antibodies 
BAH-1 and M4 were found to be IgGl kappa. 

To determine additional properties of the monoclonal 
antibodies of the invention, BAH-1 hybridoma cells were 
injected intraperitoneally into BALB/c mice primed with 
pristine, and the antibody-containing ascites fluid was 
collected 2-3 weeks later. The antibody was affinity 
purified as described (22) . Immunofluorescence staining for 
antigen expression was evaluated using BAH-1 monoclonal 
antibodies and Mpl-R monoclonal antibodies (commercially 
available from Genzyme, Inc. , Cambridge, MA) , CD61 or control 
monoclonal antibody in a Dami human megakaryocytic cell line 
as well as in Jurkat T cells. More than 90% of the CMK, 
Mo7e, CMS and DAMI megakaryocytic cells were positive. No 
staining was observed when Jurkat T cells or Ramos B cells 
were stained. 

Immunoprecipitation and Western blot analysis revealed 
that BAH-1 reacted specifically with the recombinant c-Mpl 
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protein. Referring to Figs. lA and IB, CMK cells were lysed 
and the cell extracts immunoprecipitated with BAH-1 
antibodies. Lanes 4-6 represent precipitation with control 
monoclonal antibody. The SDS-PAGE transfer was then 
5 subjected to immunoblotting with Mpl-R or BAH-1 antibodies 

as described in Materials and Methods (below) . Arrow 
indicates the position of the Mpl-R protein. The reactive 
proteins were detected using ECL system (Amersham) . CMK cell 
lysates were incubated with BAH-1 and Mpl-R monoclonal 

10 antibodies. Immunoprecipitates were analyzed on 7.5% SDS- 

PAGE and immunoblotted with either BAH-1 or Mpl-R monoclonal 
antibodies. An 84 Kd protein was detected by both monoclonal 
antibodies revealed by these analyses, indicating that both 
monoclonal antibodies recognized the same protein, the Mpl- 

15 receptor - 

Binding of BAH-1 monoclonal antibody to human Mpl-IgG 
and murine Mpl-IgG was determined by Western blot analysis. 
This antibody recognized both human and murine Mpl-IgG, 
confirming that BAH-1 recognizes the Mpl receptor of both 

20 species. In addition, referring to Figs. 2A and 2B, in 

Western Blot analysis of domain 1 Mpl-IgG (Fig. 2A) and gD- 
Mpl (Fig. 2B) , BAH-1 binding to c-Mpl was mapped to domain 
1 of this receptor. 



25 
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EXAMPLE II 

Functional characterization of the monoclonal antibody BAH-1 
The effects of BAH-1 monoclonal antibody on 
hematopoiesis were elucidated. No effects were observed on 
CFU-GM colonies, BFU-E or CFU-E colonies when purified 
ascites of BAH-1 monoclonal antibody in various 
concentrations (1 ng/ml to 1 fig/ml) or supernatant of the 
BAH-1 hybridoma in various dilutions (1 ng/ml to 1 ixg/ml) 
were tested. BAH-1 treatment over a range of concentrations 
(1, 10, or 50 ng/ml) increased CMK ploidy. 

To evaluate the effect of BAH-1 monoclonal antibody, 
compared to TPO and IL-3, on CD34* cells, immunomagnetic 
bead- separated CD34'" cells were cultured at a concentration 
of 5 X 10*/ml in serum free medium. Referring to Fig. 3, 
non-adherent BM cells (5 x 10^/200 /xL/well) were seeded in 
RPMI 1640 with 10% PPP in the presence of rhTPO or IL-3 950 
/xl/mg) or BAH-1 mcAb in various concentrations for 10 days 
at 37°C in 5% CO2 . After 10 days, megakaryocytes were 
detected by cell ELISA using gpIIb/IIIa antibodies. 
Experiments were performed in triplicate in two experiments. 
The data are presented as the mean OD+SEM. After 10 days of 
culture in the presence of BAH-1, the number of 
megakaryocytes had increased to similar levels as those in 
the TPO cultures. A plateau was reached at 100 ng/ml of 
BAH-1 as compared to 100 ng/ml TPO. Therefore, BAH-1 alone 
can effect megakaryocytopoiesis in a dynamic heterogeneous 
liquid culture system. 

To examine further the biological effects of BAH-1 on 
primary progenitor cell growth, we evaluated clonogenic 
cultures of human CD34'*" progenitors in the fibrin clot 
system. CFU-MK derived colonies (CD34'**DR'') appeared in the 
presence of hIL-3 and hTPO. BAH-1 alone also supported the 
formation of such megakaryocyte colonies. The combination 
of IL-3 plus BAH-1 significantly increased the number of 
human CFU-MK colonies, as shown in Fig. 4. Bone marrow 0034"" 
cells were plated at 5 x 10^/ml (see Materials and Methods) , 
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and the results are expressed as the means ± SEM of 
megakaryocyte colonies . 

We next studied the role of BAH-1 alone and in 
combination with IL-3 or hTPO in regulating the growth and 
maturation of a heterogeneous population of human bone marrow 
cells in this plasma clot assay. Nonadherent bone marrow 
cells were incubated in the presence of different 
concentrations of BAH-1 alone or with other cytokines. The 
numbers of CFU-MK colonies generated per culture were 
identified. BAH-1, hTPO or IL-3 alone resulted in the 
generation of identifiable megakaryocytes. These results 
further demonstrate that BAH-1 can effect 
megakaryocytopoiesis , 

In a limiting dilution experiment, CD34"'CD41"' cells, 
grown in serum- free conditions, were plated at a 
concentration of 1-50 cells (100 /xl volume) in the presence 
of TPO, IL-3 or various concentrations of BAH-1 alone, BAH-1 
plus TPO, or BAH-1 plus IL-3. The average number of cells 
per well of a Day 5 culture was determined by observation of 
the cultures under an inverted microscope. As shown in 
Fig. 5, the effect of BAH-1 was similar to that of TPO. The 
percentage of positive megakaryocytes in each well was 
determined to be approximately 40-70%. Individual large 
megakaryocytes as well as small megakaryocytic cells were 
observed . 

The responsiveness of immature murine megakaryocytes to 
titrated doses of BAH-1 is shown in Fig. 6. Immature 
megakaryocytes showed a significant growth response to BAH-1 
with an increase in detectable numbers of 
acetylcholinesterase-positive megakaryocytes using the single 
cell growth assay. 

The effect of BAH-1 on murine CFU-MK was also 
characterized. CFU-MK megakaryocytes were scored as the 
number of colonies with 3 cells or more per 10^ 
unf ractionated cells. As shown in Fig. 7, BAH-1 alone failed 
to stimulate murine CFU-MK colony production. However, the 
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addition of BAH-1 to cultures containing IL-3 or TPO 
significantly (P<.05) increased the CFU-MK formation. 

The effects of BAH-1 alone or in combination with TPO 
on hematopoietic progenitor cell numbers during the recovery 
phase following myelosuppressive therapy were evaluated in 
myelosuppressed mice. As shown in Table 1, an increase in 
the numbers of CFU-MK colonies was observed in the bone 
marrow of BAH~1 treated mice, while a significant increase 
in the numbers of CFU-MK colonies was observed in the TPO 
plus BAH-1 treated mice. No effects of BAH-1 alone were 
observed on the CFU-GM, BFU-E or CFU-E colonies. The 
magnitude of the increase was not great for megakaryocytic 
progenitors in the BAH-1 treated mice compared to the TPO 
treated mice. These results indicate that BAH-1 alone or in 
combination with TPO can expand megakaryocytic progenitor 
cells in vivo, 

TABLE 1 

Bone marrow hematopoietic progenitor cell levels following 
the administration of BAH-1, TPO, control monoclonal antibody 
or TPO plus BAH-1 to myelosuppressed mice 





CFU-MK (xlO*^) 
Exp 1 Exp 2 


BFU-E (xlO"^) 
Exp 1 


CFU-GM (XIC^) 
Exp 1 


Control 

TPO 

BAH-1 

BAH-1 + TPO 


0 0 
10.5+0.5* 3.0±1.0* 
1.0±0.0 2.0±1.0* 
12.0±1.0* 4.5±0.5* 


2.0±1.0 
7.0+1.0 
2.5+1.0 
7.5±0.5* 


9.0±1.0 
50.5+9.5* 
12.0±1.0 
N.D. 



The resulting cell levels in each experiment represent 
the mean ± SEM of two to three animals in each group. 

* p < 0.005 



Materials and Methods 

Mice treatments and assays . 

For the myelo suppress ion experiments, six- to nine-week 
old female BALB/c mice received a single intraperitoneal 
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injection of 1.2 mg carboplatin and 35 0 cGy whole-body ^^''Cs 
irradiation (Gammacell 4 0 Irradiator; Atomic Energy of Canada 
Radiochemical Co., Kanata, Canada) on day 0. The following 
day, the mice were begun on daily intraperitoneal injections 
5 of vehicle (20 mM Tris, pH 8.1/0.9% NaCl/0.25% rabbit serum 

albumin) , recombinant murine TPO (4 0 kU/mouse/d) in vehicle, 
purified BAH-1 antibody (5 /xg/mouse) , or both TPO (40ku) and 
BAH-1 antibody (5 /xg/mouse) . 

Animals were sacrificed 13 to 14 days following the 

10 initiation of treatment, which was 2-3 days before the onset 

of platelet recovery in the TPO treated mice. 

Following sacrifice by cervical dislocation, the femurs 
of each study mouse were harvested and single -cell 
suspensions were prepared using standard techniques (27-28) . 

15 From 0 . 5 to 2 x 10^ cells/ml were plated for megakaryocytic 

colony formation (CFU-MK) using 20 ng/ml murine IL-3 plus 7 
ng/ml murine TPO in agar as previously described (8) . As 
these cultures contained optimal levels of IL-3, granulocyte- 
macrophage colonies (CFU-GM) were also enumerated. Assays 

2 0 for erythroid bursts (BFU-E) were performed using recombinant 

human EPO as previously described (8) . Late erythroid 
progenitors (CFU-E) were assayed in a plasma clot in the 
presence of 0.5 U/ml EPO (28) . Each assay was performed in 
duplicate . 

25 Growth factors . Recombinant human interleukin- 3 (IL-3) 

or recombinant murine IL-3, human granulocyte -macrophage 
colony-stimulating factor (GM-CSF) and human interleukin- 6 
(IL-6) were obtained from R&D Systems (Minneapolis, MN) . 
These cytokines were determined to be free of endotoxin 

3 0 contamination. Plateau doses of each factor were determined 

from dose-response curves. Recombinant human thrombopoietin 
(hTPO) or murine thrombopoietin (mTPO) (generous gifts from 
Genentech, Inc., South San Francisco, CA) were used at 
10 0 ng/ml - 

3 5 Marrow megakaryocytes ■ Human bone marrow was obtained 

by aspiration from the iliac crest of normal donors who gave 
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informed consent in a protocol approved by the Deaconess 
Hospital Institutional Review Board. The marrow was 
aspirated into preservative- free heparin (Sigma Chemical Co. , 
St. Louis, MO) and separated by centrif ugation through 
5 Ficoll-Hypaque (Pharmacia Biotech, Inc., Piscataway, NJ) at 

1,2 00 X g at room temperature for 3 0 minutes. After two 
washes with sterile phosphate-buffered saline (PBS) , the 
cells were resuspended in Iscove's modified Dulbecco's medium 
(IMDM) with 20% fetal calf serum (FCS) , 

10 penicillin/streptomycin (P/S) and L-glutamine; seeded onto 

T-75 tissue culture flasks (Corning Corp., Corning, NY); and 
incubated at 3 7°C in 5% CO2 - After 24 hours, the nonadherent 
cells were gently removed. Human marrow megakaryocytes were 
isolated by a method employing immunomagnetic beads using 

15 anti-human GpIIb/lIIa monoclonal antibody as described 

previously (11) - The cells that resetted with immunomagnetic 
beads were collected with a dynal magnetic particle 
concentrator (Dynabeads M-450; Dynal Inc., Great Neck, NY) 
and were washed three times with megakaryocyte (MK) medium, 

20 which consisted of Ca^^'-Mg^"' free PBS containing 13.6 mmol/L- 

sodium citrate, 1 mmol/L theophylline, 1% bovine serum 
albumin (BSA) , fraction V (Sigma Chemical Co., St. Louis, 
MO), and 11 mmol/L glucose, adjusted to pH 7.3 and an 
osmolarity of 290 mOSM/L. After purification, cells were 

25 labeled by a monoclonal antibody against von Willebrand 

factor (McAb 4F9; AMAC Inc., Westbrook, ME) and more than 95% 
of the cells were stained. Twenty milliliters of bone marrow 
aspirate generally yielded about 1 x 10^ of megakaryocytes. 
Contaminating cells (1-5%) were essentially monocytes and 

30 macrophages. Cells were cultured in RPMI 1640 supplemented 

with 2% platelet poor plasma (PPP) (11) at 37°C in a 5% CO2 
fully humidified atmosphere for 24 hrs . Monocytes and 
macrophages were identified by morphology after May-Grunwald- 
Giemsa staining and by positive antibody staining using 

3 5 monoclonal antibody directed against CD14 (monocytes) , CD15 

(granulocytes) , CD16 (IgG Fc receptor - natural killer [NK] 
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cells, granulocytes and macrophages) . These analyses 
indicated that the maximum potential degree of contamination 
of bone marrow megakaryocytes after 24 hr was about 5-10%. 

Isolation of 0034" cells by the immunomacrnetic bead 
technique , 0034" cells were isolated as described (12) . 
Cells were first incubated at 4°C for 3 0 minutes with the 
CD34**' monoclonal antibody at a concentration of 10 ^g/ml and 
then with paramagnetic beads coupled with goat antibody to 
mouse IgG (Dynabeads M-450; Dynal Inc., Great Neck, NY) with 
a bead-to-target cell ratio of 5:1. 0034"" cells were 
isolated by magnetic separation and detached from the beads 
by chymopapain treatment (Sigma; 130 U/mL for 10 minutes) , 
which allows for the collection of CD34^ cells which free of 
beads . 

Human megakaryocytic cell lines . The CMK (24) and 
CMS cell lines, provided by Dr. T. Sato of the Chiba 
University School of Medicine, Chiba, Japan and derived from 
megakaryoblastic leukemias, have properties of cells of 
megakaryocytic lineage, including surface expression of Gplb 
and GpIIb/IIIa, synthesis of platelet factor 4, platelet- 
derived growth factor and von Willebrand's factor, and become 
polyploid on induction with phorbol esters (25) . No myeloid 
or lymphoid surface markers have been found on our cultured 
CMK cells. The CMK cell lines were cultured in RPMI 1640 
medium with 10% FCS . CMS represents more primitive 
megakaryoblasts . 

Additional permanent human megakaryocytic cell lines 
studied were generous gifts to our laboratory. DAMI cells 
were from Dr. S, Greenberg, Brigham and Women's Hospital, 
Boston, MA, and Mo7e cells were from Dr. J. Hoxie, University 
of Pennsylvania, PA. Each cell line was cultured as 
previously described (26) . All other permanent human cell 
lines were obtained from the American Type Tissue Collection 
and maintained in liquid culture according to the 
specifications in the catalog. 
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Ploidy analysis of meGfakaryocvtic cell lines . Cells 
were plated in 24 -well plates at 2 x 10^/ml, with 5% PPP for 
5 days, with or without PMA, XL- 6, TPO or BAH-1 antibody in 
various dilutions. Cells were then washed twice with Hank's 
Balanced Salt Solution (HESS) and resuspended in "Nucleus 
Isolation Medium" (NIM - 0.2% BSA, 0.4% Nonidet P4 0, and 
10 mM HEPES pH 7.4 in HBSS) and 54 Worthington units/ml 
RNase A at 2 x 10^/ml . An equal volume of NIM containing 
25 /xg/ml propidium iodide (Sigma) was then added. Samples 
were kept in the dark at 4°C and analyzed the same day on a 
Becton-Dickinson fluorescent activated cell sorting (FACS) 
scan, using CellFit software. 

Flow cytometric analysis of surface protein expression . 
For immunocytochemical staining (FACS staining) , 
megakaryoblastic cell lines were used. Cells were washed 
with sterile PBS and 1 x 10^ cells were resuspended in 0.1 ml 
of PBS. Cells were incubated with 10 /xl of the BAH-1 
monoclonal antibody, or GpIIIa antibodies (Dako Corporation, 
CA) , mouse IgG as a control (Immunotech Inc., Westbrook, ME) 
or PBS at 4*^C for 20 min. FITC conjugated goat anti-mouse 
IgG or goat ant i -rabbit IgG (Boehringer Mannheim, IN) was 
added at a final dilution of 1:500 and incubated for 20 min 
at 4°C. Cells were washed twice and resuspended in 0.5 ml 
of 1% (v/v) paraformaldehyde in PBS. Cells were then 
analyzed by flow cytometry. 

Immunoprecipitation . CMK cells (2 x 10^/ml) were serum 
starved 4-5 hrs in RPMI 164 0 medium. Cells were centrifuged 
and then resuspended at 10*^ cells/ml in RPMI 1640. Cells (20 
X 10^/precipitation) were placed on ice and lysed by the 
addition of 1/3 vol. of 3 x lysis buffer (40 mM Tris-HCl, pH 
7.4; 2 mM MgCl; 2 mM CaCls," 20% glycerol; 2% NP-40; 2 mM 
Na3Vo4; 2 0 /xg/ml leupeptin; 2 0 /zg/ml aprotinin; 4 mm PMSF) . 
Lysates were centrifuged 10,000 x g for 15 min. The 
monoclonal antibodies BAH-1 or Mpl-R monoclonal antibody 
(Genzyme Corp., Cambridge, MA) were added to the supernatant 
at 5 /ig/precipitation. Tubes were incubated by rocking at 
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5^C for 3 hrs and then 40 /zl of 1:1 Protein G-Sepharose 
(Pierce, Rockford, IL) was added. After 1^ hr, lysates were 
washed 3 times with 1 x lysis buffer. SDS sample buffer was 
added to the washed beads and samples were run on SDS -PAGE 
(7.5% acrylamide) . 

Western immunoblottinq . Mpl-IgG at various 

concentrations (0.5 to 6 /zg/ml) were used for Western blot 
analysis, SDS polyacrylamide gels were electrophoretically 
transferred to nitrocellulose membranes (BioRad, Hercules, 
CA) . The membranes were blocked with 4% BSA in PBS/O.1% 
Tween 2 0 (PBST) and then incubated with monoclonal antibodies 
(0.2 /ig/ml) for 1% hrs or with Mpl-R monoclonal antibodies 
(0.2 fig/ml) . Membranes were then washed 3 times in PBST and 
incubated for 45 min in horseradish peroxidase -linked 
secondary antibody (Amersham Corp., Arlington Heights, IL) 
diluted in PBST. Transfers were washed 3 times in PBST and 
developed by the ECL Method (Amersham) . 

Megakaryocyte progenitor assay . Bone marrow low- density 
cells were cultured in a semi-solid medium using the plasma 
clot technique (11) . The medium consisted of RPMI 164 0, 1% 
deionized BSA, 20 /zg/ml asparagine, 28 /xg/ml CaCls, 10% PPP 
and 2.5 x 10^ non-adherent bone marrow cells in the absence 
or presence of various dilution of the monoclonal antibody 
BAH-1. Citrated bovine plasma (Gibco, Gaithersburg, MD) 
(10%) was added as the last product. PPP and citrated bovine 
plasma used in these cultures were assayed and determined to 
be devoid of any detectable IL-6 or endogenous TGF-/S. 
Cultures were incubated for 12 days at 3 7°C in duplicate. 
Quantitation of colonies was performed by indirect 
immunof luorescent ABC kit labeling using anti-GpIIIa 
antibodies. Each dish was entirely scanned under a 
fluorescent microscope at day 12 of culture, and each cluster 
of three or more megakaryocytes was scored as a colony. For 
limiting dilution experiments, CD34'' cells were directly 
sorted into 96-well tissue culture plates, and the number of 
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megakaryocytes were identified by a GpIIb/lIIa cell-based 
ELISA (11) . 

Murine megakarvocvte assay . To assess megakaryocytic 
differentiating activity, a single megakaryocyte growth assay 
5 was employed (25) . Single cell populations from bone marrow 

were prepared from the femurs of normal C57/BL6 mice. This 
preparation was performed by flushing the bones with 
Dulbecco's modified Eagle's medium (DMEM) containing 10% PCS. 
Immature megakaryocyte populations were obtained in 1.07- 

10 1.085 gm/cm"^ fractions, from a suspension of single bone 

marrow cells separated in a Percoll gradient. The 
fractionated cells were cultured in 10% PCS in DMEM for 
5 days at 37^C, in a 10% CO2 humidified incubator. This 
procedure was performed in the presence of titrated doses of 

15 growth factors. Cultures were dried and stained for 

acetylcholinesterase. Immature megakaryocyte growth and 
maturation were quantitated by the number of single large 
megakaryocytes detected by light microscopy. 

Statistical Analysis . The results were expressed as the 

2 0 mean ± SEM of data obtained from three or more experiments 

performed in triplicate. Statistical significance was 
determined using the Student's t-test. 

Use 

2 5 As the agonist monoclonal antibodies of the invention 

are capable of acting as stimulants for megakaryocytopoiesis , 
individual monoclonal antibodies, e.g., BAH-1 and M4 , will 
be very useful in therapeutic compositions and methods for 
treating patients with thrombocytopenia. The monoclonal 
30 antibody of the invention can be administered independently 

or in conjunction with other agents, especially in 
conjunction with TPO. As we have reported herein, BAH-1 and 
TPO do act synergistically in the expansion and generation 
of megakaryocytic progenitor cells. In combination therapy, 

3 5 the proportion of BAH-1 and TPO administered would preferably 

be approximately equal . 
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The antibody compositions of the invention can be 
administered using conventional modes of administration 
including, but not limited to, intravenous, intra-arterial , 
intraperitoneal, oral, intralymphatic or intramuscular. 
5 Intravenous administration is preferred. The compositions 

of the invention can be in a variety of dosage forms, with 
the preferred form depending upon the mode of administration 
and the therapeutic application. Optimal dosage and modes 
of administration for an individual patient can readily be 
10 determined by conventional protocols. An effective serum 

dosage of the antibody compositions of this invention may be 
in the range of from about 1 to about 100 /ig/ml, and 
preferably 10 /ig/ml, resulting in about 1 mg/kg patient body 
weight . 



15 
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Deposits 

Hybridoma mcAbofMplambdaR, producing a monoclonal 
antibody having the common name BAH-1, was deposited on 
January 24, 1996, with the American Type Culture Collection 
(ATCC) , 12301 Parklawn Drive, Rockville, MD 20852, USA, as 
ATCC No. HB 12 02 7. 

Hybridoma BF#3, 12h8=M4, producing a monoclonal antibody 
having the common name M4 , was deposited on May 15, 1997, 
with the American Type Culture Collection (ATCC) , 123 01 
Parklawn Drive, Rockville, MD 20852, U.S.A., as ATCC No. HB 
12353 . 

Applicants' assignee, Beth Israel Deaconess Medical 
Center, represents that the ATCC is a depository affording 
permanence of the deposit and ready accessibility thereto by 
the public if a patent is granted. All restrictions on the 
availability to the public of the material so deposited will 
be irrevocably removed upon the granting of a patent. The 
material will be available during the pendency of the patent 
application to one determined by the Commissioner to be 
entitled thereto under 37 CFR 1.14 and 35 USC 122. The 
deposited material will be maintained with all the care 
necessary to keep it viable and uncontaminated for a period 
of at least five years after the most recent request for the 
furnishing of a sample of the deposited microorganism, and 
in any case, for a period of at least thirty (30) years after 
the date of deposit or for the enforceable life of the 
patent, whichever period is longer. Applicants' assignee 
acknowledges its duty to replace the deposit should the 
depository be unable to furnish a sample when requested due 
to the condition of the deposit. 

While the present invention has been described in 
conjunction with a preferred embodiment, one of ordinary 
skill, after reading the foregoing specification, will be 
able to effect various changes, substitutions of equivalents, 
and other alterations to the compositions and methods set 
forth herein. It is therefore intended that the protection 
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granted by Letters Patent hereon be limited only by the 
definitions contained in the appended claims and equivalents 
thereof . 
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CLAIMS 

What is claimed is: 

1. An agonist monoclonal antibody that specifically 
5 recognizes human megakaryocytes and is capable of stimulating 

megakaryocytopoiesis in vitro. 

2. A monoclonal antibody BAH-1 produced by the hybridoma 
cell line ATCC No. HB 12027; or a monoclonal antibody that 

10 binds to the same antigenic determinant as a monoclonal 

antibody produced by the hybridoma cell line ATCC No. HB 
12027; or an Fab, F(ab')2/ or Fv fragment or conjugate of a 
monoclonal antibody produced by the hybridoma cell line ATCC 
No. HB 12027. 

15 

3 . A monoclonal antibody M4 produced by the hybridoma cell 
line ATCC No. HB 12353; or a monoclonal antibody that binds 
to the same antigenic determinant as a monoclonal antibody 
produced by the hybridoma cell line ATCC No, HB 12353; or an 

20 Fab, f(ab')2/ or Gv fragment or conjugate of a monoclonal 

antibody produced by the hybridoma cell line ATCC No. HB 
12353 . 

4. The monoclonal antibody of any one of claim 1, claim 2 
25 or claim 3 wherein said monoclonal antibody is a human 

monoclonal antibody . 

5- The monoclonal antibody of any one of claim 1, claim 2 
or claim 3 wherein said monoclonal antibody is a chimeric 
3 0 mouse -human antibody. 

6. The hybridoma cell line ATCC No. HB 12027. 

7. The hybridoma cell line ATCC No. HB 12353. 

35 
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8. A continuous cell line that produces a monoclonal 
antibody, wherein said monoclonal antibody binds to the same 
antigenic determinant as the BAH-1 monoclonal antibody 
produced by the hybridoma cell line ATCC No. HB 12027. 

5 

9. A continuous cell line that produces a monoclonal 
antibody, wherein said monoclonal antibody binds to the same 
antigenic determinant as the M4 monoclonal antibody produced 
by the hybridoma cell line ATCC No. HB 12353. 

10 

10. A therapeutic composition comprising a therapeutically 
effective amount of the monoclonal antibody of any one of 
claim 1, claim 2 or claim 3 in a pharmaceutically acceptable 
carrier . 

15 

11. The therapeutic composition of claim 10 further 
comprising a therapeutically effective amount of TPO. 

12 . A method of generating an agonist monoclonal antibody 
20 that specifically recognizes a cell type of hemopoietic 

lineage, said method comprising injecting an experimental 
animal with an immunogen, said immunogen comprising live 
primary cells of said cell type of hemopoietic lineage. 

25 13. The method of claim 12, further comprising as a first 

step injecting said experimental animal with an immunogen 
comprising live cells of an immortalized cell line of said 
cell type of hemopoietic lineage, and wherein said step of 
injecting said animal with said immunogen comprising said 

3 0 live primary cells follows said first step. 

14 . The method of claim 12 wherein said experimental animal 
is a mouse. 



35 



15. The method of claim 12 wherein said cell type is a 
megakaryocytic cell . 
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ls. The method of claim 12 wherein said cell type is a stem 
cell, a B cell or a T cell. 
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